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Abstract
Land degradation from soil erosion is a major issue in hilly areas of tropical regions such as the
Chittagong Hill Tracts (CHT) of Bangladesh. The combination of an elevated topography, highintensity storms that are further exacerbated by the impacts of climate change, and farming practices
increase the susceptibility of the region to soil erosion. The Revised Universal Soil Loss Equation
(RUSLE) was developed in the mid-latitude dry climate zone of the United States during the 1990s
to assist soil conservationists in implementing farming strategies that would address soil loss. Since
then, researchers employed remote sensing and geographic information systems (GIS) to expand the
applicability of RUSLE to other parts of the world including tropical regions. This study aims to
apply RUSLE with remote sensing and GIS to estimate soil erosion rates in the study area watershed
situated within the CHT. The average annual soil erosion rate in the watershed was found to be
approximately 14.98 tons/ha while the maximum annual rate is 1,436.10 tons/ha. The results of the
watershed based analysis informed the development of a management strategy for the study area.
This management plan was based on landuse/landcover, and slope that targeted areas of moderate
to high soil erosion rates (high priority areas) that experience soil loss of more than 15 tons/ha/yr.
The management plan showed that afforestation would be appropriate for a majority of these high
priority areas with steep slopes of at least 37%, hedgerow cropping and shifting cultivation in midrange slopes, and agriculture in low-lying areas.

Keywords: soil erosion; Bangladesh; remote sensing; GIS; management
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Introduction
Background
Bangladesh is a country situated east of India and south of the Himalayan mountains on an
alluvial delta formed by the Ganges–Padma, Meghna, and Jamuna–Brahmaputra rivers and their
respective tributaries (Biswas et al., 2012). Land cover changes and high-intensity storms coupled
with climate change, exacerbate soil erosion rates and result in land degradation (Troeh et al., 1991),
reduction in agricultural productivity (Sartori et al., 2019), and water pollution among other impacts
(Rickson, 2014).
Geologic Role of Soil Erosion
Soil erosion is a geologic process that involves the gradual or abrupt displacement of
sediments, primarily by rain or wind. It is responsible for adding sediments to rivers and streams and
creating natural features such as canyons, valleys, and deltas. It is dependent on several
environmental factors, one of which is soil texture. Fine- or medium-textured soils with low organic
matter content prevent water from infiltrating and are easily displaced by wind, allowing it to be
more susceptible to erosion. Vegetative cover also plays a role in determining soil erosion rates by
providing a protective layer over the land, and locking in sediments through the root systems of
trees and shrubs. Another factor that influences soil erosion is the topography where steep and long
slopes are more susceptible to soil erosion than flat and short slopes. Soil erosion is also associated
with other natural hazards such as landslides and earthquakes. Landslides involve the dislodgement
of rock and soil down steep slopes, in many cases caused by human activities (Keller & DeVecchio,
2016). Earthquakes can also contribute to soil erosion by displacing a large amount of soil and
vegetation, but the impacts to erosion tend to be minimal as these events are rare (Pimental, 2006).
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This study considers erosion caused primarily by water, specifically tropical rainfall. Rainfall
impact on soils causes interrill erosion, rill erosion, and gully erosion. The process of soil erosion by
water typically begins with interrill erosion, which involves the detachment of soil particles from
surfaces through the impact of rain drops that transport the sediments by sheet flows into channels
or rills. Interrill erosion mainly occurs in the upper part of a slope and affects soils with fine
particles. As rain drops accumulate, it begins the process of rill erosion or the detachment and
transport of sediments across rills that are 30 centimeters deep formed by overland flow from
rainfall. Medium to larger particles are affected by this process and the length and steepness of a
slope all contribute to the extent of rill erosion following a rain event (Sun et al., 2013). When
overland flow is concentrated enough to form large channels or gullies, the detachment of sediments
occur as gully erosion. The extent of gully erosion is largely dependent on land use and land cover in
hilly or mountainous regions and areas that are rich in loess soil type (Valentin, 2005).
Anthropogenic Impact on Soil Erosion Rates
Human activities accelerate the gradual process of soil erosion, which can lead to the land
degradation and reduced agricultural productivity. An effect of soil erosion is the reduction in
agricultural productivity from land degradation (Troeh et al., 1991). Because cropland is cleared of
vegetation before planting crops and is frequently cultivated thereafter, it experiences more erosion
than forested areas. After crops are harvested, the land is left bare which further intensifies erosion
rates. In addition, to reduced vegetative cover, soil erosion depletes plant nutrients such as nitrogen,
phosphorus, potassium, and calcium. When comparing topsoil nutrients, it was found that one ton
of fertile topsoil contains 1–6 kg of nitrogen, whereas eroded soil has average nitrogen levels of only
0.1–0.5 kg per ton (Troeh et al., 1991). Erosion also reduces organic matter content by selectively
removing fine particles from the soil surface, which contains decayed plant matter and leaving
behind larger soil particles and stones. The reduction in organic matter reduces crop yields. A
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reduction in soil organic matter content from 1.4% to 0.9%, decreased grain yield by 50% (Libert,
1995; Sundquist, 2000). These conditions contribute to lower agricultural productivity. Globally,
severe soil loss (>11 tons/ha/yr) from erosion constitutes about 70% of the world’s agricultural
land (Sartori et al., 2019) and has caused 30% of arable land to became unproductive. Soil loss is
greatest in Asia, Africa, and South America where average erosion rates are 30 to 40 tons/ha/yr.
Rates are higher in developing countries, especially when small farms are located in marginal lands,
soils are mostly fine-textured, and the slopes are steep (Pimental, 2006). Other regions such as
Australia, Canada, Saharan countries, the Russian Federation, Kazakhstan, Uzbekistan, Ukraine and
most of the European Union have less than 3% of their arable land under severe erosion (Sartori et
al., 2019).
Deposition from soil erosion alters the depth of stream channels and contributes to reduced
water quality. Sedimentation of waterbodies increases flooding along the banks. This is especially the
case for streams and rivers near agricultural lands where rain events wash sediments downstream.
Farming management practices that reduce vegetative cover and increase tillage can also contribute
to added fine textured soil to rivers. Furthermore, fine particles contribute to pollution of river
networks. Clays, silts, and organic matter have high specific surface areas and charge densities, which
easily allow nutrients, agrochemicals, and heavy metals to be absorbed. After rain events, these
chemicals are introduced to waterbodies increasing concentrations of sediments with these
chemicals comparing to non-eroded sediments. It was found that 43% of phosphorus in water
originated from agriculture through the process of soil erosion (Rickson, 2014).
Climate change is another driving factor in soil erosion rates. Warmer temperatures are
expected to contribute to more extreme precipitation events. Consequently, soil erosion rates will
also vary due to the change in the erosive power of rainfall. Sensitivity analyses using the Water
Erosion Prediction Project model (USDA, WEPP) for selected plots in the United States showed
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that a 1% change in total precipitation under climate change resulted in a 2% change in runoff and a
1.7% change in erosion. It was also discovered that the main contributing factor to changes in
erosion rates is the amount and intensity of rain during a storm (Nearing et al., 2004).
Anthropogenic Impacts on Soil Erosion in Bangladesh
The main sources of land degradation in Bangladesh are water erosion and depletion of soil
fertility. The areas that are the most susceptible to soil erosion from water are the hilly areas which
constitutes about 12% of the total land area of the country with the majority of the land consisting
of floodplains. Hasan et al. (2006) found that approximately 75% of the hilly areas are at high risk to
soil erosion, 20% are moderate risk, and about 5% are at low risk. This is due to soil fertility decline
which occurs through the reduction of organic matter content and nutrient loss. Intense cultivation
contributes to the decrease of organic matter content from 2% to about 1%. Nutrient removal of
nitrogen, phosphorus, potassium and sulfur leads to a reduction of 180 to 250 kg/ha/year. Some
native plants have the potential to reduce soil erosion in the Ganges floodplain, such as: date palm,
sissoo, mahogany, babla, teak, raintree, hogpalm, coconut, and betel nut (Hasan et al., 2006).
Bangladesh’s agricultural productivity is undercut by jhum or shifting cultivation, a common
land use employed by the indigenous farmers in the CHT region. Traditionally, jhum consisted of
clearing away primary forests, planting an assortment of crops for one or two seasons and resettling
in another area while the previous plot of land fallows for at least ten years. Intercropping typically
occurs with rice, turmeric (Curcuma longa), marfa (Cucumis melo), chili (Capsicum annum), and ginger
(Zingiber officinalis), among other crops (Olarieta et al., 2007). This was a sustainable option both
environmentally and economically in the past due to the high degree of access to forested areas,
relatively low population growth rates, and long fallow periods which allowed the soil to replenish its
nutrients (Nath, 2005).
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In recent years, however, to meet the pressures of population growth and in-migration to the
area, jhum has deviated from traditional practices. Forested areas are increasingly cleared away for
the development of homes and the expansion of farms. Moreover, secondary forests in addition to
primary forests are cleared away, the cultivation period is extended beyond two seasons, the fallow
period is diminished to three or four years, and slash and burn techniques are increasingly employed.
Cultivating land after burning temporarily increases soil nutrients concentrations, particularly
calcium, magnesium, and potassium. Rainfall removes those nutrients; annual losses of 61 kg
calcium, 13 kg magnesium and 13 kg of potassium per hectare were reported in lands that were
burned and cultivated thereafter. Subsequent cultivation further depletes the soil of its nutrients
(Biswas et al., 2012). In addition to the detrimental environmental impacts of burning, the reduction
in fallow periods prevents the regrowth of secondary forested areas contributing to higher soil
erosion rates (Rasul et al., 2007). Consequently, jhum contributes to soil erosion rates of 10 to 120
tons/ha/year across Bangladesh (Jahiruddin & Satter, 2010).

Estimating Soil Loss
Revised Universal Soil Loss Equation
One of the mostly widely applied models to estimate soil erosion is the Revised Universal
Soil Loss Equation (RUSLE) modified from the Universal Soil Loss Equation (USLE). The USLE
model was first developed by a team of scientists including W.H. Wischmeier and D.D. Smith in the
United States Department of Agriculture (USDA) during the late 1950s. It was used to estimate soil
erosion rates in the mid-latitude regions of the U.S. dominated by mixed humid and dry climate
zones such as the Midwest. USLE served as a tool for soil conservationists to develop farm planning
strategies. In 1991, it was updated based on additional availability of data and methodologies to what
is now known as RUSLE (Renard et al., 1991). It incorporates several different factors to estimate
erosion rates. These factors are inputs for the equation ! = # × & × '( × ) × * where:
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•

A is the average annual soil erosion rate measured in tons/ha/year

•

R factor – the rainfall-runoff erosivity factor, computed as an average annual sum of the
erosivity of individual storms. The erosivity of an individual storm is computed as the
product of the storm's total energy, which is closely related to storm amount, and the
storms's maximum 30-minute intensity (USDA, RUSLE Official Guide). This variable
represents the sheet and rill erosion process and accounts for the different erosivities based
on climate. In other words, the seasonal variation of precipitation in a given year and crop
cycles affects soil erosion rates differently. The R factor also measures the erosive force of
rainfall on soil. For this reason, it is typically computed from local precipitation data (Renard
et al., 1991) and expressed as (hundreds.foot.ton-force.inch/acre.hour.year) (Ward et al.,
2016).

•

K factor – the soil erodibility factor is derived from the properties of soil such as the
material, texture, and organic matter content. K factor values range from 0.10 to 0.45 with
the lower values associated with higher concentrations of sand or clay and the higher values
associated with higher concentrations of silt. W.H. Wischmeier, and D.D. Smith developed a
nomograph to assign K factor values to different soil types (Renard et al., 1991). Typically,
silt particles tend to be more susceptible to soil erosion than sand or clay particles (Das et al.,
2020).

•

LS factor – the slope length and steepness factor is the ratio of soil loss on a given slope
length and steepness to soil loss from a slope that has a length of 22.1 meters and steepness
of 9% (Das et al., 2020); changes in soil loss are more dependent on slope steepness than in
slope length (Renard et al., 1991).
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•

C factor – the cover and management factor is a measurement of vegetative cover. The
extent of vegetative cover is used as an indicator to assess the effectiveness of management
systems to reduce soil erosion (Das et al., 2020). The presence of crops, trees, and shrubs
contribute to lower soil erosion rates than impervious surfaces or barren land. C factor
values can range from 0 to 1.5 or from protected soil with vegetation to finely tilled surfaces
that are more susceptible to erosion (Renard et al., 1991).

•

P factor – the support practice factor or existing management practices. It is measured from
0 to 1 where a value of 1 assumes no existing management practices to address erosion rates
in the study area (Das et al., 2020).

Application of RUSLE in Tropical Regions
Originally, USLE was designed for use in mid-latitude regions of the U.S and was based on
controlled field measurements of erosion in specifically designed plots with fixed dimensions.
Therefore, there are concerns about its applicability in tropical regions with different climatic
considerations, land uses, and soil types (Cohen et al., 2005). In addition, fixed dimensions of
sampling plots limit USLE applications for large regions. Furthermore, there is an added cost,
representativeness, and reliability of the data with the use of field plots to estimate soil loss. Since
the development of USLE in the 1970s many studies were completed using the original
methodology. Eventually, researchers integrated USLE model with remote sensing and geographic
information systems (GIS) data, thus broadening the applicability of the model to different regions
of the world. Modified version of USLE (i.e. RUSLE) was tuned to cope with data sensitivities due
to unique environmental conditions of study areas including the tropical environment (Lu et al.,
2004). The following literature review highlights various studies and applications of RUSLE in
tropical regions (see Table 1):
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Table 1: Worldwide Soil Erosion Rates
Study Area

Soil Loss
(tons/ha/yr)
0.05 – 44.4
<1 – >6

Publication Year

Authors

2014
2020

Caribbean countries (Nicaragua, Guatemala, Haiti, El
Sal- vador, Honduras, Panama), Brazil, Central African
countries (Congo, Liberia, Democratic Republic of
Congo, Ivory Coast, Malawi and Ethiopia) and some
parts of South-East Asia (Vietnam, Philippines,
Indonesia, Laos, South Korea)
Iowa, United States

> 11

2019

R.J. Rickson
Rabin Chakrabortty,
Biswajeet Pradhan, Prolay
Mondal, Subodh Chandra Pal
Martina Sartori, George
Philippidis, Emanuele Ferrari,
Pasquale Borrelli, Emanuele
Lugato, Luca Montanarella,
Panos Panagos

30

1989

Bandarban district, Bangladesh

14.25 – 61.42

2001

Meghalaya, India

59.91 – 58.22

2020

Jamuna watershed, Bangladesh

61

2019

United Kingdom
Arkosa watershed, India

United States Department of
Agriculture
Mohammad Abul Kalam
Azad
Susanta Das, Proloy Deb,
Pradip Kumar Bora, Prafull
Katre
Monojit Saha, Samrin
Sumaiya Sauda, and Mallik
Sezan Mahmud

Labriere et al. (2015) discovered that in the humid tropics, soil erosion is concentrated in
space, specifically areas of bare land where a lack of management and tillage resulted in high soil
erosion rates. Soil control practices were more common in crop and grass-dominated land uses
which experienced lower soil erosion rates. Erosion is also concentrated in time where plots were
measured for soil erosion before the implementation of management practices and were compared
to erosion rates after a management strategy was fully executed such as adding vegetative cover.
Lower erosion rates were observed after a management strategy was implemented. The researchers
also compared synchronic versus diachronic approaches to measuring soil loss. Synchronic
approaches that explore land use changes to soil erosion involve comparing different plots of land
with different land uses. Diachronic approaches measure soil loss before, during, and after land use
changes. The researchers concluded that diachronic approaches were more critical to understanding
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the impact of land use changes in these regions of the world where the time for regeneration of
vegetative cover is short and soil loss is mostly attributed to high-intensity rain events. This brings
up the need to properly calibrate all RUSLE factors’ parameters, especially those related to soil and
vegetation management, using data acquired in a tropical context. This is needed to achieve accurate
soil erosion estimates in the humid tropics.
Chakrabortty et al. (2020) investigated the impact of climate change on soil loss in eastern
India, a monsoon-dominated region, by using projected precipitation events computed from the
general circulation model (GCM) to predict soil erosion rates. Rainfall events are expected to be
more intense in the future especially in subtropical regions that experience long dry seasons and
short rainy seasons with high rainfall and intensity. This characteristic influences the R factor in the
equation and typically produces high soil erosion rates, since tropical regions experience higher
amounts of rainfall compared to precipitation rates and calculated erosion in mid-latitude regions.
Lu et al. (2004) used a combination of remote sensing and GIS techniques to map soil
erosion risk in Rondonia (Amazon), Brazil. The R and P factors were excluded from the analysis
because the researchers were concerned with mapping soil erosion risk instead of estimating soil
loss. For this reason, the same climatic conditions and a P factor of 1 or no management practices
were assumed across the study area. Soil erosion risk was based on the K factor computed from soil
map and soil survey data; the LS factor was derived from a digital elevation model, and the C factor
was based on vegetation, shade, and soil fraction satellite images using spectral mixture analysis. The
resulting soil erosion risk map was linked to a land use and land cover image to further observe their
relationship. These methods revealed that remote sensing and GIS techniques allowed the
researchers to show the spatial distribution of soil erosion risk. One limitation to this method is that
remotely sensed data are limited to a single day and time. Thus, when developing the C factor maps,
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multiple images at different times should be used to create an average C factor map and results
should be calibrated using reference data when measuring absolute soil erosion rates.
Das et al. (2020) applied RUSLE in a mountainous region of India to create a management
plan based on areas with high soil erosion rates, slope, and land use and land cover of the study area.
The plan incorporated different practices that farmers and planners could undertake to address soil
erosion in high risk areas. This included identifying appropriate locations for intensive agricultural
practices (i.e. low erosion and smaller slopes) versus areas that would benefit from afforestation and
terracing. Before calculating soil loss, the parameters of RUSLE using soil erosion data for different
years were compared. It was found that the C factor was sensitive due to changes in land use from
agricultural activities and manual changes were made accordingly.
Azad (2001) had a more traditional approach following the original methodologies
introduced by W.H. Wischmeier and D.D. Smith to estimate soil erosion in the CHT region of
Bangladesh specifically within the Bandarban district using sample plot data. A total of six plots,
each 20 meters by 5 meters with slopes ranging from 15–33%, a combination of jhum and hedge
cover, and half with a management practice and the other half without a management practice in
place were set up. Data on rainfall were collected using rain gauges, runoff was manually collected in
the field, soil samples were analyzed in the laboratory. The R factor was computed for all the
months between April and December in 1999 and 2000. The Wischmeier nomograph and field soil
data were used to determine the K factor. The LS factor was derived from plot data. Measured soil
loss values and all other parameters using the methods of above were inputs to RUSLE and used to
calibrate the C factor for all the months between April and December in 1999 and 2000 for all six
plots. For plots with no management practice, a P factor of 1 was assumed. For all other plots, the P
factor was calibrated the same way as the C factor. Plots with steep slopes had soil erosion rates of
61.42 mton/ha and 14.25 mton/ha on gentle slopes. Erosion rates were most pronounced in June
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of 1999 and May of 2000 when the highest rainfall was recorded. This study provided a means to
derive the R factor using empirical methods that account for storm energy, storm duration, and
monthly rainfall which can be applied when rain gauges are not available. However, as mentioned
previously, estimating soil erosion on sample plots does not allow for extrapolation of the results to
broader areas, so additional research is needed to assess soil erosion conditions across the region.
Wang et al. (2019) recommended that identification of soil erosion types in the study area and the
key underlying factors influencing each type of soil erosion should be assessed prior to erosion
modelling.
Saha et al. (2019) also used a combination of remote sensing and GIS to estimate the annual
soil loss in the Jamuna watershed in Bangladesh. Monthly rainfall was used to compute the R factor,
percent composition of the soil was used for the K factor, a digital elevation model was used for the
LS factor, the Normalized Difference Vegetative Index (NDVI) was used for the C factor, and a P
factor of 1 was assumed across the watershed. A variety of satellite images were processed to
remove atmospheric distortions. The results of this analysis revealed that the Jamuna watershed
experiences soil erosion rates of 61 tons/ha/year, which fell within the range of 7-120 tons/ha/year
based on previous research.
Most studies (Chakrabortty et al., 2020; Lu et al., 2004; Das et al., 2020; and Saha et al., 2019)
used rainfall data for the R factor, soil survey data for the K factor, a digital elevation model for the
LS factor, and satellite data to derive the C and P factors. Some used NDVI to compute the C factor
(Chakrabortty et al., 2020; Chalise et al., 2018; and Saha et al., 2019). In most of these studies,
RUSLE accurately produced soil loss rates based on prior thresholds that the researchers used as
reference points. However, as noted previously, it was necessary to properly calibrate the R, C, and P
factors since these were the most sensitive to model performance. Because the Saha et al., 2019
study was able to accurately estimate soil erosion rates in the Jamuna watershed of Bangladesh while
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calibrating for various factors, this methodology was adopted for estimating soil erosion rates in the
CHT region for this study.

Research Objectives
This project analyzes soil loss in the study area watershed (discussed below) of Bangladesh
using a two-part process outlined below:
1. Estimate soil erosion rates across the watershed using RUSLE (with parameters adjusted for
tropical regions based on methodology developed by Saha et al., 2019)
2. Establish a set of recommendations for future management in high priority areas of the
region based on factors such as soil erosion rate, slope, and land use as developed by Das et
al., 2020.
Although some management practices have been identified in Bangladesh, such as planting hedge
rows, these techniques have not been mapped across the region and their utilization have not been
fully assessed. As such, hilly areas of the country that also experience soil loss would benefit from
further study and build on the research developed by Azad (2001), which was restricted to
experimental plots in a single district.

Study Area
The study area watershed is situated within the CHT (Figure 1). It is a hilly region in
southeastern Bangladesh (21°25’ N to 23°45’ N, 91°54’ E to 92°50’ E) generally bounded by
Myanmar to the east, the Bay of Bengal to west and south, and the Indian state of Tripura to the
north. The region is characterized by low hills and stretches of high hills that reach 300 to 1,00
meters above the mean sea level, steep slopes of >40%, with consolidated shales, siltstones, and
sandstones (Biswas et al., 2012). CHT is comprised of three districts: Bandarban, Khagrachhari, and
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Rangamati. The study area watershed includes parts of Khagrachhari, Rangamati and the Chittagong
district which is located directly west of Rangamati district (see Figure 1).

Figure 1. Maps of the study area showing the Chittagong Hill Tracts region and the study
area watershed.
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Delineating the Study Area Watershed
The study area watershed was determined using the following methodology developed by
Trent University Library (2014). A digital elevation model (DEM) without sinks was created using
DEM of the CHT region obtained from the USGS Earth Explorer Shuttle Radar Topographic
Mission from 2014 (see Table 2). The sink-free DEM was used to create a flow direction grid as a
raster layer where each cell is assigned a value that indicates the direction of water flow from that
particular cell based on the underlying topography of the landscape. Next, the flow direction grid
was used to create a flow accumulation layer showing the flow into each cell by identifying the
upstream cells that flow into each downslope cell based on the underlying topography. Higher cell
values are associated with streams, valleys, or drainage channels since these areas experience
accumulated flow from upland areas. A point layer of hydrometric stations across the country was
used to determine pour points or areas of high flow accumulation. These pour points were created
based on a minimum distance of 6,000 meters to position the point on a high flow accumulation
path and to convert the point into a raster layer. Finally, the Watershed tool that is included as part
of the ArcGIS 10.7 software package was used to produce the resulting raster layer that
demonstrates the boundaries of the watersheds that occur in the CHT region. From there, the study
area watershed which encompasses portions of the Chittagong, Khagrachhari, and Rangamati
districts was chosen for further analysis.

Estimating Soil Erosion
Methodology
As discussed above, RUSLE was used to estimate soil erosion rates in the study area
watershed using a variety of data sources (see Table 2). Precipitation data for the watershed was
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obtained from NASA’s EarthData Global Precipitation Measurement dataset from April to
December 2020. The rainfall rate was used as an input to the equation below to derive the R factor:
# = 81.5 + 0.38(*3456768986:;)
(Saha et al., 2019)
Due to the coarse resolution of the rainfall dataset which was 11 km by 11 km (see Figure 2), the
average precipitation rate was used as an input to the equation and the average R factor value was
used for the entire watershed. Soil texture and organic matter content was obtained from the
Harmonized World Soil Database (HWSD) and used to estimate the K factor for different areas of
the watershed (see Figure 3). As mentioned above, the DEM of the study area watershed was
obtained (see Figure 4) to calculate the LS factor.

Table 2: Data Sources
Name

Description

Source

Elevation data

Shuttle Radar Topography Mission
(SRTM)

U.S. Geological Survey
https://earthexplorer.usgs.gov/

Hydrometric
stations
Land use/
landcover data

Point layer of hydrologic measuring
stations throughout Bangladesh
Landsat images from USGS Earth
Explorer will be used to create a
classified raster layer using the
Normalized Difference Vegetative
Index of landcover in the CHT region as
an input for C (canopy cover) in the
equation
Monthly rainfall data collected from
satellites over the CHT region

Precipitation data

Soil data

Harmonized World Soil Database –
dataset of soil types and
characteristics for countries worldwide

Rivers

Polyline layer of the rivers and
tributaries throughout Bangladesh

Spatial
Resolution
One arc-second
(approx. 30
meters)

Temporal
Resolution
2014

Format

Bangladesh Water Development Board

--

--

Shapefile

https://earthexplorer.usgs.gov/
LANDSAT 8 OLI/TIRS C2 L1

30 meters

10/03/2021 –
03/03/2021

Bands 1–9

https://giovanni.gsfc.nasa.gov/
Multi-satellite precipitation estimate with
climatological gauge calibration - Early Run
half-hourly 0.1 deg. [GPM GPM_3IMERGHHE
v06] mm/hr
United Nations Food and Agriculture
Organization
http://www.fao.org/soils-portal/data-hub/soilmaps-and-databases/harmonized-world-soildatabase-v12/en/
https://data.humdata.org/dataset/bangladeshwater-courses

GeoTIFF

Path

Row

136

44

136

45

0.1o (approx. 11
kilometers)

April 2020 –
December 2020

GeoTIFF

--

2009

Microsoft
Access Table

--

2018

Shapefile

Figure 2. Rainfall across the study area watershed.
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Figure 3. K factor in the study area watershed.
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Figure 4. Elevation in the study area watershed.
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Figure 5. LS factor in the study area watershed.
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The equations below were used to derive the LS factor assuming a slope length of 22.1 meters and
slope steepness of 9% (see Figure 5):

! = #+1
,=

&'

+

((.*

sin 0.01745×6789
0.09

;

(Pelton et al., 2014)
An NDVI map of the study area watershed was created using USGS Earth Explorer Landsat 8
OLI/TIS C2 L1 Band 4 (red) and Band 5 (near infrared) images. The equation below was used to
derive the NDVI values:
<=>? =

(ABCD 5 − ABCD 4)
(ABCD 5 + ABCD 4)

The resulting raster layer produced NDVI values that ranged from -0.31 that was associated with
waterbodies to 0.51 that was associated with moderate to dense vegetation characteristic of forested
areas (see Figure 6). NDVI layer was then used as an input to the equation below to compute the C
factor (see Figure 7):
G = −1.25 <=>? + 1
(Saha et al., 2019)
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Figure 6. NDVI across the study area watershed.
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Figure 7. C factor in the study area watershed.
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To provide a conservative estimate of soil erosion rates, a P factor of 1 (no management) was
assumed for the entire region. Because RUSLE is a multiplicative method using raster data, it was
necessary to resample the K factor, LS factor, and C factor maps to be the same resolution or 899
meters by 899 meters (the coarsest resolution of the three maps) using the Nearest Neighbor
resampling method. The constant derived from the R factor equation and the three raster layers
were multiplied to produce a map of annual soil erosion rates in the watershed (see Figure 8).

Results
The annual soil erosion rates in the watershed are summarized in Table 3 below:
Table 3: Soil Erosion – Study Area Watershed
Mean

Minimum

Maximum

Standard Deviation

1,436.10

46.72

tons/ha/yr
14.98

0.00

The average soil erosion rate in the watershed is about 14.98 tons/ha/yr. On Figure 8 lighter colors
indicate lower soil erosion rates, whereas darker colors indicate higher soil erosion rates. Most of the
low-lying parts of the region do not experience soil erosion and are at a lower risk for soil erosion.
Some areas, specifically towards the middle of the region and in the southeast experience higher
rates of soil erosion (377.34 – 732.13 tons/ha/yr). These latter areas are associated with steeper
slopes.
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Figure 8. Computed annual soil erosion rates in the study area watershed.
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Establishing a Management Plan
Methodology
In order to provide a solutions-based approach to the issue of soil loss in the study area
watershed, a management plan was developed with the goal of determining the spatial extent of
specific strategies to mitigate soil erosion and its environmental impacts. These strategies include
measures to increase vegetative cover, reduce slope, or implement farming practices that would
prevent high soil losses from fields. The management plan should consider three factors: slope, land
use and land cover, and soil erosion rate, as developed by Das et al. (2020) in their study of soil
erosion in a mountainous region of India. After computing soil loss across the watershed, areas of
high priority were identified as those that had above average soil erosion rates of >15 tons/ha/yr.
Low priority areas were identified as areas that had below average or < 14.98 tons/ha/yr. High
priority areas were then incorporated into the management plan (see Figure 9). A landuse and
landcover map for the watershed was created from Landsat 8 images using supervised classification
and training sites (see Figure 10). The DEM was used to create a classified slope raster layer (see
Figure 11).
Several management strategies were identified based on common agricultural practices in the
region as well as techniques that have been applied previously in other regions of the country. These
include afforestation or areas that would benefit from increased tree cover, hedgerow cropping
which is an agro-foresty technique that integrates trees and crops into rows (Branca et al., 2013), and
shifting cultivation. Bench terracing was not considered as part of the management plan since most
of the steep sloped areas of the watershed are not inhabited by people or developed. The data from
these three layers were combined and management strategies were assigned to the majority land uses
that occur at a specific slope class (see Figure 12). These variables were summarized in Tables 4–6 .
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Figure 9. Priority areas in the study area watershed.
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Figure 10. Land uses and landcover in the study area watershed.
Note: Because the underlying Landsat image was taken during the dry season when water levels are low, some of the results of the
supervised classification show that a few of the inland shallow waterbodies as agricultural fields.
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Figure 11. Slope classes in the study area watershed.
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Results
According to Table 4, each landuse/landcover class comprises approximately 10 – 20% of
the total area in the study area watershed, with forests as the predominant landcover at
approximately 69,803 ha. Soil loss in the high priority areas range from 49.20 tons/ha/yr – 86.70
tons/ha/yr. Forests experience the highest amount of soil loss followed by developed land which
includes settlements and roads. This may be explained by the fact that forests occur largely on steep
slopes of 37–121%, whereas agricultural fields and developed lands occur on low-lying areas with
slopes of 0–19%. Based on the combination of slope class and land use, a management strategy was
assigned (Table 5). The low-lying areas of the watershed (0–7%) are mainly agricultural fields.
Because these areas have been cleared for farming and do not include protected natural resources,
they could potentially tolerate intensive agricultural activities or continued farming through the
cultivation of crops such as date palm, sissoo, mahogany, babla, teak, raintree, hogpalm, coconut,
and betel nut as identified by Hasan et al., (2006). Slopes that are 8–19% also include agricultural
fields as well as bare lands. Since these landuses occur at a slightly steeper slope, they would benefit
from hedgerow cropping. The additional vegetative cover on bare lands would improve soil erosion
rates from surface runoff. The next slope class, 20–36%, includes a combination of agricultural
fields, bare land, and developed land. Hedgerow cropping and as well as limited forms of shifting
cultivation. Lastly, the steepest slopes in the study area watershed, 37–121%, include bare lands,
developed land, and forests. The continuation of forest cover in existing forests and planting trees in
bare lands and developed lands is recommended for this slope class. Any remaining land use
category in each of the slope classes were either not assigned a management strategy (because the
total area is lower than the overall area for that class) or assigned afforestation for forest cover on
lower slope classes.
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Based on these assignments, afforestation is the management strategy with the greatest area
at a total of 71,432 ha with forest cover as the main landcover type (Table 6). Hedgerow cropping
has a total area of 2,249 ha distributed among agricultural fields and bare lands. Intensive agriculture
would be limited to existing agricultural fields totaling an area of 1,669 ha. Shifting cultivation would
occur on some developed land totaling 829 ha. Approximately 7,000 ha would continue with no
management strategy and would include existing developed land. Overall, management in the high
priority areas of the study area watershed would involve afforestation on steep slopes which includes
maintain existing forest cover or increasing cover (Figure 12). There would be cultivation of some
land uses but would be limited to the low-lying areas of the watershed.

Table 4
Land Use/Land Cover

Average Soil Loss
(tons/ha/yr)

Area High Priority (ha)

Area Total (ha)

% Area

Agricultural Fields

49.20

2,860.02

26,746.20

10.69

Bare Lands

47.89

4,548.87

44,598.87

10.20

Developed Land
(Settlements/Roads)
Forests

54.00

10,559.79

105,867.72

9.97

86.70

69,803.46

340,702.56

20.49

Table 5
Soil Loss (tons/ha/yr)

>15

>15

>15

>15

% Slope

0–7

8–19

20–36

37–121

Agricultural Fields

Agricultural Fields
Bare Lands

Agricultural Fields
Bare Lands
Developed Land

Bare Lands
Developed Land
Forests

Intensive Agriculture

Hedgerow cropping

Shifting Cultivation
Hedgerow cropping

Afforestation

Predominant Land Use/Land Cover

Management Plan

Table 6
Land Use/Land Cover
Agricultural Fields
Bare Lands
Developed Land
(Settlements/Roads)
Forests
Total Area

Afforestation
-2,243
127

Hedgerow Cropping
897
1,352
--

69,062
71,432

-2,249

Management Strategy Area (ha)
Intensive Agriculture
Shifting Cultivation
1,669
----829
-1,669

-829

No Management
--7,043

Area
2,566
3,595
7,999

-7,043

69,062
83,222

Figure 12. Management strategies for high priority areas of the watershed.
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Discussion
The average soil erosion rate of 14.98 tons/ha/yr in the watershed is lower than the
estimated rates that were calculated in other areas of the country such as the Jamuna watershed (61
tons/ha/yr) but is consistent with the rate that Azad (2001) calculated for the Bandarban district
located to the east. It is within the range of calculated values for Bangladesh which is between 7–120
tons/ha/yr. The average soil erosion rate in areas with a high slope is much higher at 59.45
tons/ha/yr. This indicates that slope or a high LS factor plays a larger role on the extent of soil
erosion in this watershed than other areas of the country where the topography is relatively flat.
There are also several limitations with this analysis. Because a constant value was used for
the R factor, soil erosion rates may be overestimated in parts of the watershed that experience less
rainfall than the average value used. Furthermore, as with most spatial analyses, it is advisable to
ground truth and collect field measurements to compare modeled and observed values. This,
however, would require additional resources, time, and cost. Regardless of these issues, the
presented analysis contributes to quantifying and assessing the impacts of soil erosion in a region
with limited available studies.
The results help in setting up a management plan with a set of strategies for mitigating the
effects of erosion rates discussed above. Where practicable, it is recommended to add vegetative
cover to existing land use categories or improve maintenance for areas that already have forest
cover. The CHT forests mostly contain evergreen and deciduous species such as teak (Tectona grand)
and gamar (Gmelina arborea) that comprise approximately 15–20% of the total forest types
(Ahammad et al., 2020). This approach also takes into consideration the fact that most of the forests
in the CHT region are overseen by the government and their use is restricted. Thus, anthropogenic
effects on forest resources are limited but concentrated at the borders of protected lands in the form
of timber, agricultural uses, and low-density development (Ahammmad et al., 2019). For low-lying
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areas of the watershed with existing agricultural fields, continued agriculture is recommended since
the deleterious impacts of soil erosion are not anticipated given the relatively flat topography of the
land. Hedgerow cropping is recommended for mid-sloped areas of the watershed and is supported
by the study done by Shamim & Moniruzzaman (2016), which found that there are higher crop
yields for plots that utilize hedgerow farming at 12% slopes. For higher slope classes with a mix of
land uses, limited forms of shifting cultivation mixed with hedgerow cropping is recommended. The
spatial extent of these areas, which are approximately less than 2,000 ha in total are limited. Since
most of the high priority areas in the Chittagong district are heavily developed with buildings, roads,
and agricultural fields, a management strategy is not assigned.

Conclusions
Soil erosion rates in the CHT watershed of Bangladesh vary, with a majority of the lowland
areas experiencing low rates of soil loss, whereas other parts of the region, especially areas with a
high LS factor, experiencing high erosion rates. The estimated erosion rates are lower than
previously calculated in other parts of the country but fall within the 7–120 tons/ha/year range. The
results of this analysis are preliminary, provide a first step in addressing moderate to high erosion
rates in the region with a targeted management plan that focuses on distinctive locations within the
watershed and offers specific conservation measures based on unique environmental conditions.
The results of the management plan show that a majority of the high priority areas of the watershed
that experience greater than 15 tons/ha/yr of soil loss would meet the conditions for afforestation
measures given that those areas are on steep slopes of at least 37%. Low-lying areas that are already
cleared for farming could continue with agriculture while similar land uses at mid-range slopes
would incorporate shifting cultivation and agroforestry measures such as hedgerow cropping.
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